The basic principle of a differential thermal calorimeter is to supply or abstract heat to or from a reacting system so as to maintain -2-the temperature at some.point in the system, the same as that of a similar point in a physically identical inert system. A small heater is used to supply the necessary heat and the power.supplied to this heater is monitored. 1 2 The technique is not new add was first used by Eyraud The cell heaters were wound on boron nitride formers and platinum foil was used for the attachment of the thermocouples to the cell outer walls. The cell temperature was monitored on the outside wall by a standard Pt/Pt 10% Rh thermocouple with the bead recessed into the porcelain shieldings. This precaution was necessary to avoid electrical contact between the monitor and differential thermocouples. The sample and the inert substance were packed in their respective cells between the heater wall and ·the outer cell wall. End-caps were used to complet-e the containers. The two beads of a differential thermocouple were located at identical positions on the o~er wall of each cell and the differential temperature of these two positions maintained at zero by supplying or abstracting power to (or from) the inert cell heater as required. Tlle necessary power to maintain this equilibrium was plotted on a time base and a direct measure ·of. any heat effects in the sample thus obtained.
Barner found that the sensitivity of the system was markedly increased if the control cell were left empty. In this case an incremental increase in the environmental furnace temperature will necessitate a -4-decrease in the.power suppliedto the control cell owing to the heat capacity of the sample. Such an incremental furnace temperature increase is shown diagrammatically in Fig. 2 together with the accompanying powertime curve. Also shown is the peak associated with an endothermic reaction in the sample. This peak will be superimposed on the heat capacity peak.
Considering the mechanism by which Barner's differential thermal calorimeter system gave results, a number of points can be drawn up essential for its functioning correctly:
(a) Each cell must be identical and be subject to identical environmental conditions. (e) All heat must flow radially from the cell, i.e., through the powder.
(f) The cells must be completely thermally isolated from each other.
Taking each point in turn, the symmetry of the system, consistent with constructional considerations, can be assured by proper design. With regard to point (b), it might be assumed that if the cell center is hotter than the cell wall, heat must be flowing from the cell at all times.
HOI-lever, there are circumstances when this is not true. The specii(len powder is subject to two sources of heat, the cell heater and the main Fig. 3 ). Hence the temperature minimum will be within the sample instead of being at the cell wall or beyond. Such a situation would lead to erroneous results as heat to the sample is being supplied by both the internal and external source.
The response of the inert or active cell to any change in a sample cell must be immediate. The sensitivity of the response, therefore, depends entirely on the thermal conductivity of the inert species in the cell. This conductivity should be as high as possible and thus an empty cell is used.
The fourth point is concerned with an error due to the sample radius.
The actual temperature of the sample is measured at the outside cell wall and this temperature, therefore, will be a little below the average sample temperature. However, as long as the gradient across the cell is small, this error is not too large. The larger this gradient, the larger the error and to minimize this, the powder thermal conductivity should be as large as possible.
-6-Considering point (e) , all the power applied to the heater must be transferred to the sample or erroneous values will result. For this reason, axial heat flow from the cells must be a minimum. In the same way, any thermal link between the sample and inert reference ce~l must be avoided since exchange of energy between the two will introduce errors.
With these points in mind, heat transfer conditions in Barner's design were investigated.
II. HEAT TRANSFER INVESTIGATION OF THE BARNER DESIGN
A small hole was drilled in the cap of the top cell and a thermocouple introduced to measure the heater wall temperature. Two other thermocouples were set up, one on the outer wall of the cell and one 1/4 inch away in the gaseous environment. All three signals were printed out on a multipoint recorder. Hence, the four temperatures indicated in Fig. 3 were monitored.
The sample cell was filled with A-14 alumina powder. Helium was used as the inert gaseous phase. The furnace temperature was increased at the rate of 180°C/h for half an hour and then the system was allowed to equilibrate for the same period of time. After thermal stabilization the four temperatures, T 1 , T2, T 3 , and T4 were read. The temperature was then increased to 800°C following this one-hour cycle. Throughout the entire experiment, the power to the cells was adjusted when the gradient conditions required it. In this way the temperature sequence If all the heat required by the sample i~ to be supplied by the cell heater, it is essential that T2 > T3. It is also desirable to maintain a steady g~adient .across the sample so that dynamic equilibrium conditions may apply. The sample gradient should also be as small as possible consistent with T2 > T3. Hence, an ideal 6T-vs-T plot would be two horizontal parallel straight lines in the positive 6T-vs-T quadrant.
Considering the two plots made, a helium atmosphere gives ·the lowest temperature gradient across the sample and the least change of this gradient with temperature; however, argon best maintains the T2 > T3 condition.
(2) "Double Cell" Design
The only way to achieve the temperature gradient sequent T2 > T3 during the heating cycle is to have an outer cell environment similar to that inside the cell. Thus powder was packed around the cells and the temperature gradient measurements repeated. The "double-cell" design is shown in Fig. 6 . 300 400 500 600 
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